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i . S9BJECT: DACCHIL (Chloroihals © ,# 2,4,5,f~0:tricl oroisophthalc  trile) Dec. 6, 1974
and 4-Hydroxy Metabolite™(4-Hydroxy-2,5,5 ‘richloroisophthalonitrile)

TO: Dr. Clara Williams
Chi~f, Taxicolosy Hrench o 067%
Registrntion Division LU / u
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Pesticide Petition 271230 ﬂ Diamond Shamrock Chemical Company -
300 Unicn Commerce- Building
Cleveland, Ohic 44115

Related Petitions: TGOS16, 75‘0539, T34, 1FL024

This is my 8th review nf Daconil, the amevious ones being dated ~s. follows: (1) January 31,
1969, (2) ¥ay 16, 196, (3) Aurust 8, 1963, (4) Sentember 16, 1769, (5} Fabrunry 15, 1973, (6)
February 28, 1974, and (7) July 3, 1’)74. The present review is concrerned with (a) new studies
we requested on the 4-hydroxy metbolite: (1) 90-day dog feeding, (2) 120-day rat feeding, and
(3) 3-genemtion mt reproduction, nnd (b) further consideration of 2-yenr rnt feeding stu:ly -
200-205 «n the parent compound, which hags bern nreviously reviewed and is the subject of consi-
derable coniroversy. The studies on the metaholite were done hy Bio/Tox Research Laboratories
Ine., 553 North Broadwny, Suencerville, Onio 45387. HRat study 200-205 on D‘acom.l wis done by ’
Hazleton Labomtories, Incorpomted, Falls Church, Virginia.

I. Studies on A-Hydroxy Metabolite (DAC~3701)
A. Thirteen-deek (Ninety—Day) Subacute Dog Feeding Study

Renal

Tubular Damage
: Dogs Weight Liver Damage Degen., Vacuol. Autolysis
Fed Started lLoss Deaths Bile Stasis Necrosis - M Liver Kidney

8 No 0 0 0 0 0
8 Yo 0 0 0 0
8 Ho .0 2(slight) © 0
8 7 4(1 focal) 4 A

Yes

Methods.

Beagles 4.5 to 5.5 months of age, L of eaéh sex per group, were fed DAC-3701
at levels of 0, 50, 100, or 200 ppm in the diet, wiich consisted of Wayne Dog Food,
for 13 weeks. Testing procedures during life consisted of weighing, physical exame
ination, food consumption, daily observation, hematology (er_ftm'ocyte‘ count, total
and differential leukocyte count, hematocrit, and hemoglobin), biochemistry (blccd
glucose and urea nitrogen, SGOT, SGPT, and serum bilirubin, calcium, sodium, potas-
sium, chloride, and alkaline phosphatase), and urinalysis. Laboratory studies were-
done initially, and after 4 and 13 weeks. Autcpsies were performed on all dogs, zrd

organ weights were obtained on survivors. Mlczgoscopic examination was done on (1)

thy_roid, heart, liver, gallbladder, spleen, kidneys, adrenals, pancreas, stanach,
. small intestine, colon, mesenteric lymph node, urimary bladder, testes, ovaries, and

o - T ’ PR -, . . P - .
‘ PR P e e R . R ko VAR SR el <o _,._}',_‘
3 R O i PR & ~ —~
. - .. % S R Rl W SPUET SU ,"“"'1./‘. i ; _V_J"J - "/M

B L T S M i : T . j -

Ty T;"v",-;"rvt_ AT, T




R ZREE

. _ ey i s o - o " B
- ~ -2- o~ PP 2F1230, Memo 8
*  bone marrow from O and 200 ppm dogs, and (2) liver, kidneys, and unusual gross les;'j.ans
_ from those on 100 and 50 ppm. - Gdiuig -

3

Effects. ;
1. Clinical effects included (1) tarry stools, anorexia, emaciation, and

death in 6 to 12 weeks (except for 1 female which was moribund when killed terminglly)
ot &/¢ VTR o: 200 PP, -
and (2) slight elevation of SGOT and total bilirubin jn the high dose females at 4
weeks, and of SGOT in 2/ females on 100 ppm at 13 weeks.

2. Histo,-pathological changes were: (1) bile stasis in 7/8 livers on 200
ppm,with necrosis in L/8 at this level (severe in 3 and focal in 1), and slight pa—
renchymatous degeneration with focal lymphocytic 3 infiltration in 2/ 8 livers on 100
ppm (neither of the zj....owed abnormal chemistries); (2) degeneration of the guEEEP
tubules of the kidney in 4/8 on 200 ppm, with vacuolation of the tubular epithelium
in 1/4 males and 2/L females on 100 ppm, 1/L 6f each sex on 50 ppm, and 1/k female
controls; and (3) mild or focal pneumonitis in 4/8 on 100 and 2/8 on 50 ppm. The
severe autolysis in 4 dogs on 200 ppm made it impessible to determine whether the
renal tubular and henatocellular necrosis seenx%be other 4 were also present in them. .

B. Three-Generation Rat Reproduction Study.
Methods.
Albino Sprague-Dawley rats divided into > groups, each consisting of 10 males
and 20 females, were fed either 0, 10, 50, 100, cr 200 ppm.DAC=3701 in Ground Peerlesss
Laboratory Animal Diet from the age of 7 weeks. Afger at least 70 days ofl breatment
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they were mated (1 male to 2 females) for 15 days. Gestation, TR porturis-
tion, milk residues of the metabolite in the stczach of the pups at 7 days, and lac—
tation to wean:mg (at 21 days, with parents for the next generatlon being selected
at 28 days) ‘iwere monitored, with weights, litter sizes, survival after various per—
iocds, and subjective observations being recordec. The same prucedere was carried
out 2 more times using offspring as parental animals for the next generaticn. A
second litter was produced with % the 200 ppm rats from the first generation (Fq1b).
Autopsies were performed as follows: (1) Po generation -~ after 120 days of treatment
as a subacute toxicity study to be described later, (2) Fj = gross autopsies on pups
dwhich were stillborn or died and on parents (of s generation) which died cr were-
Killed after the young were weaned, (3) Fo - grcss autopsies or skeletal clearing

" on stillborn pups, and gross autopsies on 5/sex/ zroup of parents (of F3 generatiin)

as for F1 parents, (4) F3 weanlings — gross ‘and =icrosccpic examination of 5/;ex/

- group (except for F3 200 ppm group, #Which was auzcpsied at 5 to 8 days of age as

none survived to the age of weaning).
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Effects of treatment increased in severity with increasing dose and generatiom, _

with the no-effect level being 10 ppm. The following changes were observed: (1)
increase in mortality, marked at 200 ppm but slight at 50 and 100, (2) reduction in
the viability index (% alive at one time as ' opposed to another) at 200 and 100 ppm,
(3) decrease in fertility of the Fy and /F2 generations at 200 ppm and the Fo at 100 ~
also, (4) reduction in litter size involving all 3 generaf;ions at 200 and 100 ppm
but the F3 only at 50 ppm, (5) decrease in weight of offspring at 200 and 100 ppmy
(6) uweakness of the F3 pups, thinning and roughening of the fur of :the F1's and
F2's, increase in irritability of the Pg, F1 and Fp generations, ana delay in hea-—
ling of skin lesions in all generations at 200 ppm, (7) slight to Imoderate deposi-
tion of pigment in Kupffer cells in the liver of 2 F3 females on 200 ppm which died
at 7 days and moderate renal tubular vacuolatioﬁ,l\s:.g 1 of the 2, and (8) detectable.
residues of the metabolite in the milk curd in the stomach after 7 days at all trea—
ted levels. . ! '

C. Four-Month Subacute Rat T"'eec:llng Study.

Methods. B =

Sprague-Dawley rats serving as the Po .generation for the repreduction study -
Jjust described were div ided into groups of 1C males and 20 females receiving either
0, 10, 50, 100, or 200 ppm of the metabolite in the diet for a total of 120 days.
Testing procedures during life included observation, wiighing, food consumption,
hematology (erythrocyte count, total and differential leukocyte count, hematocrit,
and hemoglobin), blood chemistry (BUN, fasting glucose, serum alkaline phosphatase,
and SGPT), and urinalysis. At the end of the experiment all .rats were autopsied,
organ wéights were obtained, and th e following organs were examined microscopicallys
adrenals, aorta, brain, eye, heart, stomach, small intestine, colon, 'ceq.ym, kid—
neys, liver, 1ling, trachea, seminal vesicle, panc reas, pitui_tary, prostate, uterus,
testes, ovaries, spleen, bone marrow - thyroid, salivary gland, hladder, nerve,
muscle, optic nerve, and unusual le51ons.of any other organ.
Effects.

The only effects were (1) occasional soft stools at the 2 upper doses, and
(2) minor changes limited to 200 ppm and consisting of irritability, slight and ‘sta—
tistically insignficant depression of grlowth in the females, and slight leukocytosis
and increase in liver weight in the males. No histopathologic changes a‘b‘bribptable
to treatment were demonstrable in any ox_gan. Although there were apparently no .

more changes in the kidneys of the treated rats than in those of the controls, all

5 groups showed an unusually great amount of renal disease (chrcnic neph ritis,
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ealeuli, nevhrocalcinnsis, and even 4 tumors) for animils nn older th~n 6 months (at thehe,!jrxd
SJU7 3

of the study). i

II. Further Considerstion of Rat Spudy 200-205 on daconil.

The m~ny studies on Daconil, the parent compound, h:ve been revieved vy myself and others

in previous memoranda. I[a Alitiw Lo e -2::1'-5—_

gastro-esophageal acanthosis in rats and hepatic damage in both rats and dogs 2t high doses,

this fungicide induces undem.able tubular lesions in the kidneys of both siecies ranging from
severe at high dietary levels (50‘) through 30,000 ppw) to moderate nt lower doses \250 ppa in
the rat) and slisht at very low levels{down to 120 ppm in the dog and 4 pom in the rat). L can

personilly attest to t he nresence of the renil lesions at lower doses in both species, having

studied the 1ieroslides myself, and LLh e a nlsn seen photonicrographs and photographs of the
gross specimens of the severe ch-ngesﬁzt hirh dozes. Wnile the no-effect level for the dog has

been found to be 60 pom, the no—offect level for the rat iz =till in cuestion. Ia stuly
‘ ’ of 0,4, 10,20,30, 0, or

200-205 in which Ch-rles River C-D rats were fed dhsn3 *Ed pom fr 2

yeirs, vecunlation of tht eytaplesm of the pirs rects of the proximrl tuhules of the kidney *.
first snoeired 2t 3 months at all treated levels, buk by 12 months it wis not seen below 30
ppm. ¥hile a few m~les were affected, a oredellctmn for females wis evident. Atthe tersins—
tion of the experiment '-ftnr ? vears, the enithelium of the entire oronm;'l tubule in the deen

or juxta-medullary resion of the cortex in a tot:l of 6 %freuted fem~les, 4 on 4 nom, 1 on 40,

-4 . ey -ep 20 L

and 1 on 60, was the site »f vacunlation plus severe degeneration with cell me=brane disruotion :

and nuclesr chromatolysis snd nyknosis; £ other rats {all femle excant 1 male on 40 npm ),

3 on 30,8 on AO, and 1 nnz 60 pom, showed vicvolztion only."m- The degenemative
change is umupstxombly recrosis when it oceurs in the livins anim:i, but it is also charic-—
teristic of omnmpmminme post-mortem autolysis. It is importunt to determine whether this re—
presenrs necrosis or autolysis, for, while vacuol=tion is not necessarily serious and is poten-
tially reversible, necrocis means death, and death of any tissue, especially in a vital orgen
such ns8 the kidney, is always serious, even thongn the tubiules 2re c2anhle of regeneration.
Arguments in favor of gutolysis, which were advenced by 2 patnologists renrerenting Diamond
Shamrock Chemiecal Compoany, Klous Stemmer, d.D., Pathologist and Associnte Professor of.Eavi-
ronmentil Mediaine, Demrt'n;:nt »f Environmental He:1lth, Collepe of Medicine, University of
Cincinnati (see memn of conferemce of - Janunrry 17, 1974), and Si.'n:m Koletsky, M.)., Professor

i
of Pathology, Cage Wastarn Reserve University Medical Schaol, Clevel-nd, Ohio [see memo of

P e — s gy
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conference of November 7, 1374), are (1) the oeculisr dirtribution lacking any relation to do=e §

and (2) the lack of an inflammatory reiction nnd of tubnlar repeneration, 2 features whica
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‘the area in question into fixative, resul;ting in autolysis of the affected areas .

-effect level in the rat. One more .study, properly done, might not only establish
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are expected in true or ante-mortem necrosis. While I respect both Dr. Koletsky and
Dr. Stemmer as pathologisfs and adknowledge the validity of their objection, there
are other factors, nemely, (1) the absence not only of this change but of tubular .
vacuclation in any of the controls at any- time interval, and (2) the normal appear-
ance of GENCEESENNSEREENENEENS other contiguous portions of the tubule and oth-
er elements of the surrounding parenchyma (expecially in the subcapsular zone, which
is ordinarily the first to undergo artefactual change due to drying), which point
rather to some type o'f relation to the compound fed. I have been supported in this
opinion g by 2 other EPA pathologists, Howard L. Richardson, M.D., ard Mary E. Ri=- .
chardson, M.D. Delay in putting some of the kidneys showing vacuolaticn limited to

only rather than the kidney as a whole, ey may wexplain the necrotic appearance,

as abnormal tissue tends to autolyze earlier than intact. If such vacuolation, ap-
parently an osmatic effect, is the only change at 4 to 60 ppm, it is unlikely that
it would pose any real problem to man. However, because of (1) the severe osmotic
nephrosis at higher levels GEEENFENNEIPINENEENENAP (characterized grossly by
marked enlargement, granularity, and greenish-brown discoloration 3_1; }'I'xle ’.lii’?neyg,
and microscopically’l;?y hypertrophy, dilatation, intraluminal cast . > “ . Jand
SR vacuolatiox{ﬁ‘egiz;‘ggn;m,’ pigmentation, and hyperplasia with stratifi-
cation. of the epithelial cells of the proximal tubules) associated with increased '
mortality, and (2) the inability to predict the human response with absolute accusacy;. ;
racy, to be on the safe side, another attempt should be made to find the true no--

this but also elucidate the nature of the changes from 4 to 60 ppm. While at one
time I thought another 2-year study, which the ccompany is naturally reluctant jto
do, might be necessary, I am now of the opinion that one of only 3 or 4 Gl
morths should be sufficient, as vacuoles appeared at the lowesi dose after this
period. Levels from 4 ppm -~ down to 1 ppm (and up to 60 ppm, alsc, if desired)
should be 'used. The Charles Riiver C~D strain, which was used in previous ezper—
iments, should probably be used again; if not, some other strain with a low spon--
taneous incidence of renal disease should be selected. AS will be discussed later,
a mutritionally adequate diet is also important. As the.only effect at 4 to 60 ppm
in experimeint 200-205 was on tlhe kidneys, the jonly procedure necessary would be
examination of the kidneys, including microscopic study of every animal. Care should
be taken to put the kidneys into formalin or other fixative as soon as they are re-

moved from the body; WM weighing of organs, the source of much artefactual drying)

R
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is vnnecessary for a special study such as this. It wizl be unfortunate if an effect -
should be present even at 1 ppm, However, if mdid vacuolation 3is‘ the only

change this might not preclude granting the tolerances novwl being sought, assuming,

of course, that the L~hydroxy metabolite proves safe when ! testing is finally comg}.ete..
LY a3
_ 21074

DISCUSSION OF .-HYDROXY METABCLITE OF DACONIL be
Though almost all the Daconil “ed to the rat and dog is supposed toﬁexcreted

unchanged, with only a small percem.age being converted into metabolites (ch\iei'ly the
L=hydroxy metabolite), it is interesting that the effects of this i~hydroxy metabo- i
lite or DAC-3701 in the dog, i.e., hepatic biliary stasis and hepatocellular and . _
renal tubular necrosis at 200 ppm, with some heppatic damage at 100, and slight renil :
tubular vacuolatloﬂgleel §8d 50 ppm, are similar to those of the parent compound.
(Although some of the females showed similar vacuclation, the presence of this change

in 1/4 female controls and the known - propensity for female dogs to develop
it make it ’ difficult if not impossible to evaluste in this sex.) de

PUANNCNEWRNSNWSERSTr SRR T e
RSy Thoﬁgh the change at the lowest dose in the males was slight, a true no-.
effect level for the metabolite was not demonstrated in the dog. '
Unlike the dog study, the L-month rat feeding study on the 4~hydroxy metabolite
at doses frem 10 to 200 ppm did not show apparent histopathologic effects. Howewer, -
because of the wnforbunately r~igh spontaneous incidence and severity of warious
types of renal disease (chronic nephritis, nephrolithiasis, nephrocalcinosis, and
even tumors) in all gromps, including the controls, it is difficult to be certain
-that the compound was not responsible for some of it. It is unusual to find so much
in rats so ybung (they were only 6 months old at athe end of the study)} ewen though
the strain used, the Sprague-Lawley, is known to develop chronic T .+.. | nephritis
earlier than certain other strains. The presence of pelvic stones and intra-renal
calcification suggests that a dietary deficiency, possibly of magnesium, which is
known to cause . - this, might also have ' played a role. As the Os—
borne-Mendel rats used during my years with the FDA which were fed Purina Chow re—_
mained virtually free of disease until the age of approximat_ely 1% years while ’
those on a synthetic diet devejopéd early nephrocalcinosis, it is possible that the
diet used, Ground Peerless La‘cdra‘bory Animal Diet, was nutritiocnally inadeguate. '
_ Diamond Shamrock is supposedly planning a 2-year rat study on this metabolite. I
hope this will show a clear—cut no-effect level. However, if the animals involved
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. react similarly to ‘thosfe jn the 4~month subacute study, they will all be dead long -
before the experiment is due to be terminated. If this study has not yet been star— .
ht be wise to use a strain less prome to develop early renal disease tham

ted, it mig
the Sprague-Dawley, such as the Charles River ar ‘Osbome-Mendel, andto be sure the

diet is muttitiomally adequate. ' L
! SUMMARY AND RECOMMENDATIONS

Studies on DAC~3701 or L-hydroxy-2, 5,6-tzichloroisophthalonitrile,‘ the major
metabolite of the fungicide Daconil, were requested because the tolerances now
being sought will result in 0.1, ppm of this metabolite in milk. The chronic fee—
ding study in rats has not yet been completed, but. the 3-month dog feeding, A4~
month rat feeding, and 3-generation rat reproduction studies have been done.

In a 3-generation reproduction study in which Sprague-Dawley rats were fed
the L-hydroxy metabolite at levels of 0, 10, 50, 100, or 200 ppm, effects of
treatment increased in severity with increasing dose and generafion, with the .
no—effect level being 10 ppm. Changes consisted of (1) increased mortality, (2)

decreased fertiiity , litter size, and weight of offspring, and (3) effects li-

g g

)

B

[T T T

mited to 200 ppm, including increased irritabiiity, thinning and roughening of !
fur, poor healing of skin lesions, weakmess of the Fj3 generation, and renal tubulzr : “
vacuolaticn in cme F3 female and increased intrahepatic pigment in 2. Residues of ) ,

the metabolite were detgictable in the milk cuxd in thei stomache of the offspring - 8
at 7 days of age in all generations and at all levels of treatment. ‘

Though the cnly effects attributed to dietary administration of the metabolite
to Sprague~Dawlew rats at levels of 0, 10, 50, 100, and 200 ppm for 4 montas were
minor ones limited to the highest dose, the hizh incidence and severity of sponta
neous renal\ disease in the controls made aﬁﬁ’rﬁ%‘%& of treatment on thé kidney
difficult @to demonstrate. :

Feeding cZ 0, 50, 100, or 200 ppm of DAC=3701 in the diet to beagles, 8 per
grpop, for 3 morThs produced dose-~related effects varying from very slight at 50
ppm to severe at 200 ppm, a true-no—effect level not béing demons‘brated; Changes
consisted of (1) emaciation followed by death in all on 200 ppm, (2) biliary stasis
in 7/8 livers wizh necrosis also in 4/& at 20C ppm, and slight hepatocellular de—-
generaticn with focal lymphocytic infiltration in 2/8 at 100 ppm, (3) renal tubular
degeneration in /8 at 200 ppm, and tubular vacuolation in 1/h males at both 200
and 5C ppm, and (4) pneumcnitis in L,/8 on em 100 ppm and 2/8 on 50 ppm. N
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Despite many studies, which have been reviewed in previous memoranda, the no-
effect level in the rat for the parent compound, Daconil, has still not been esta~-
blished because of). the inability of Diamond Shamrock Chemical Company to satisfac—
torily explain certain alterations, i.e., tubular vacuolation with superimposed .
changes which may be either @mmwtrue ante-mortem necrosis or post—mortem autolysis,
in some of the kidneys at the lowest dose used, 4 ppm, as well as at higher doses
up to 60 ppm in experiment 200-205. Necrosis of any tissue, especially a vital or—
gan such as the kidney, is always :serious. Furthermorzs, while mild tubular vacuo-

. : o : M =lone, apparently
" an sxim osmotic eff;,ect, would probably pose no’ real threat to n at these levels,
because of (1) the severe oslimotic nephrosis at higher levels in both dog and rat,
and (2) the inabllity to predictt the human response with absolute certainty, ancther
attempt should be made to find the no-effect level in the rat. Ome more properly '
done study, which I requested in my memorandum of February 28\, 197%, might both esta—
blish this level and explain the apparent necrosis at 4 t> 60 ppm. However, although
I originally thought another 2—year experiment would be necessary, I now believe one
of only 3 or L4 months shouid be sufficient.

In view of the above, I should like to make the following recommendations.

1. A new 3-to L-month feeding study with Daconil should be done in the rat,
preferably the Charles River C-D, as this was used in previous stmiies', in an attemp®
to establish the type of renal changes present at very low levels =nd to determine
the true no-effect level. Doses from 4 ppm down to 1 ppm should te used, with some

{
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o 60 ppm, also, if desired. Laboratory tests will nof be necessary. -As there
is no indication that other organs are affected at these llow levels, only the kid-
neys need be examined, but microscopic ofstudy of these organs frcm every rat is .
essential. . To ensure that drying artefacts or autolysis do not occur, there should -
be abéolutely no delay in getting kidneys into formalin (or other fixative) after
removal from the body. ’

2. In view of the high spontaneous incidence of moderate to severe renal
disease in the controls in the L~month study on the 4~hydroxy metabolite of Daconil
in the Sprague-Dawley rat, I should like to suggest that, if the 2-year rat feeding
study on this metabolite has not already been started, thet a strain with less spon—
taneous renal disease b{e v3ed, and also that the diet be checked for nmutritional
adequacy as well as for the possible presence of toxic agents. Consideration might
be given to using Purina Rat Chow, which has given excellent results in my experience. ]

" Eleanor Le Long, M.D. é),é-" S OZ az»z,

Pathologist, Toxicology Branch
Registration Division
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